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SYSTEM FOR IMPROVING AIRFLOW
CHARACTERISTICS WITHIN A COAL
PULVERIZER

BACKGROUND OF THE INVENTION

1) Field of the Invention

The present invention relates to airflow improvements in
coal pulverizers, and more particularly, to a system for
improving performance on a vertical spindle coal pulverizer
by providing a secondary airflow path introduced above the
grinding surface that is directed downward for sweeping
across the grinding zone.

2) Description of Related Art

Pulverized coal fired power plants produce electricity and/
or steam for industrial use through the use of a boiler which
converts water to steam that is then either utilized for indus-
trial use or to power a turbine which powers an electric gen-
erator. Raw coal is feed to the pulverizer in chunks which are
then ground within the pulverizer, dried and transported with
air to the burners connected to the boiler. Pulverizer perfor-
mance is critical to the performance of the boiler.

One specific type of pulverizer is known as a Vertical
Spindle Coal Pulverizer. These types of pulverizers operate
by having the raw coal chunks feed onto a rotating grinding
surface. The coal is then forced between grinding elements,
typically large journals/tires. A primary airflow is feed
upward through the pulverizer from a lower housing portion
around the grinding surface, which acts as the transport for
the coal “fines” or pulverized particles of coal to move
upward to the classifier. This primary airflow also dries the
coal. The area around the rotating grinding table is referred to
as the pulverizer throat. Raw coal also has pyrites which are
rejected or allowed to pass through the pulverizer throat and
exit the pulverizer under the grinding surface. In order to
achieve desired pulverizer and burner performance the ratio
of fuel/coal to air is critical and must be measured and con-
trolled.

Pulverizer performance includes but is not limited to the
particle size distribution, air/fuel ratio, air and fuel distribu-
tion leaving the pulverizer, amount of coal being rejected out
of the bottom of the pulverizer and drying ability of the mill
in order to maintain controllable pulverizer outlet tempera-
tures. A major factor in performance that impacts all of the
above is how the air enters the pulverizer at the pulverizer
throat located around and generally below the grinding sur-
face. High pulverizer differential pressure between a lower
housing and upper housing is a common issue which can limit
primary airflow capacity and thus pulverizer throughput/ca-
pacity. Mill rumble due to a bed of coal fines building up on
the table and causing the journals/tires to skid is also a com-
mon issue resulting from airflow limitations. Also, coals with
high levels of silica can result in the accumulation of sand
beds which are high density and difficult if not impossible to
remove with current throat configuration and high differential
pressures.

Airflow of approximately 7,000 fpm velocities (terminal
velocity of raw coal) must be maintained in order to prevent
coal from being rejected through the pulverizer throat while
still allowing larger pyrites to be rejected through the throat.
A problem with most typical pulverizer throats is that they are
not sized properly and thus do not reach the necessary airflow
velocity at low load/coal throughput. Attempts to correct this
type of problem result in larger amounts of airflow being
introduced into the pulverizer, which result in increased dif-
ferential pressures and high air to fuel ratios that adversely
affect pulverizer and burner performance (poor fineness, poor
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distribution out of the pulverizer, higher than desired veloci-
ties at the burner impacting combustion).

Further, if coal is allowed to spill to the lower housing
portion or underbowl, which is the same area in which the
primary air enters, it gets heated to the primary air tempera-
ture and if it is not removed can result in mill fires. Accord-
ingly, a need has arisen in maintaining a proper airflow and
reducing differential pressures in the pulverizer to move coal
fines upward through the pulverizer to the burners will allow-
ing other materials to pass downward through the throat.

Accordingly, it is an object of the present invention to
provide a secondary airflow into the mill housing from above
the grinding surface bypassing the pulverizer throat to
improve airflow dynamic and pulverizer efficiency.

It is another object of the invention to maintain lower
pulverizer differential pressure by introducing a secondary
airflow into the mill housing above the pulverizer throat and
grinding surface.

It is another object of the invention to reduce low load mill
rumble by clearing fine particles from the grinding zone by
directing a secondary airflow entering the upper housing
downward across the grinding surface.

It is another object of the invention to control a secondary
airflow into the upper housing of the mill above the grinding
surface to adjust air/fuel ratios according to load.

It is another object of the invention to improve pulverizer
performance by providing primary classification at the grind-
ing zone by efficiently removing the coal fines and allowing
non-coal materials to be rejected through the throat.

SUMMARY OF THE INVENTION

The above objectives are accomplished according to the
present invention by providing a coal pulverizer comprising a
mill housing; a grinding surface disposed in said mill hous-
ing; a grinding wheel engaging said grinding surface for
pulverizing coal chunks; an annular throat disposed around
said grinding surface channeling a primary airflow from a
lower housing portion below said grinding surface upward
through an upper housing portion above said grinding sur-
face; an annular secondary airflow chamber extending around
an exterior of said upper housing portion channeling a sec-
ondary airflow circumferentially into said upper housing por-
tion above said grinding surface; and, an annular secondary
airflow deflector extending along an interior of said upper
housing portion above said grinding surface directing said
secondary airflow from said secondary airflow chamber
downward across said grinding surface in a generally uniform
uninterrupted circumferential airflow pattern.

In a further advantageous embodiment, a housing port is
disposed in said upper housing portion in fluid communica-
tion with said secondary airflow chamber for passing air into
said housing above said grinding surface.

In a further advantageous embodiment, said secondary
airflow deflector includes an annular upper plate extending
along said interior of said upper housing portion generally
adjacent to and above said housing port.

In a further advantageous embodiment, said secondary
airflow deflector includes an annular lower plate extending
along said interior of said upper housing portion generally
adjacent to and below said housing port.

In a further advantageous embodiment, said upper plate
and lower plate are angled downward toward said grinding
surface directing said secondary airflow across said grinding
surface.

In a further advantageous embodiment, a lateral spacing of
said upper plate and lower plate on opposing sides of said
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housing port defines an annular deflector channel in fluid
communication with said secondary airflow chamber chan-
neling said secondary airflow downward across said grinding
surface.

In a further advantageous embodiment, a series of support
walls are disposed in said deflector channel interconnecting
said upper plate and said lower plate to maintain spacing
between said upper and lower plates.

In a further advantageous embodiment, an annular primary
airflow deflector is disposed in said mill housing generally
adjacent to and extending around said annular throat.

In a further advantageous embodiment, said primary air-
flow deflector is angled inward over said annular throat
toward said grinding surface for directing said primary air-
flow from said lower housing portion toward said grinding
surface.

In a further advantageous embodiment, a distal edge of'said
primary airflow deflector is connected to a distal edge of said
secondary airflow deflector so there are no gaps between said
primary airflow deflector and said secondary airflow deflec-
tor.

In a further advantageous embodiment, a bypass conduit is
provided channeling a portion of said primary airflow into
said secondary airflow chamber for providing said secondary
airflow.

In a further advantageous embodiment, an airflow valve is
operatively associated with said bypass conduit for control-
ling the flow of air through said bypass conduit to alter dif-
ferential pressures between said upper housing portion and
said lower housing portion and maintain desired air/fuel
ratios.

BRIEF DESCRIPTION OF THE DRAWINGS

The construction designed to carry out the invention will
hereinafter be described, together with other features thereof.
The invention will be more readily understood from a reading
of'the following specification and by reference to the accom-
panying drawings forming a part thereof, wherein an example
of the invention is shown and wherein:

FIG. 1 shows a cut-away side view ofa vertical spindle coal
pulverizer having a secondary airflow path according to the
present invention;

FIG. 2 shows a cut-away view of a portion of the vertical
spindle coal pulverizer housing the airflow deflectors and
grinding surface according to the present invention; and,

FIG. 3 shows a detailed cross section view of the secondary
airflow chamber and airflow deflectors of the vertical spindle
coal pulverizer according to the present invention.

It will be understood by those skilled in the art that one or
more aspects of this invention can meet certain objectives,
while one or more other aspects can meet certain other objec-
tives. Each objective may not apply equally, in all its respects,
to every aspect of this invention. As such, the preceding
objects can be viewed in the alternative with respect to any
one aspect of this invention. These and other objects and
features of the invention will become more fully apparent
when the following detailed description is read in conjunction
with the accompanying figures and examples. However, it is
to be understood that both the foregoing summary of the
invention and the following detailed description are of a pre-
ferred embodiment and not restrictive of the invention or
other alternate embodiments of the invention. In particular,
while the invention is described herein with reference to a
number of specific embodiments, it will be appreciated that
the description is illustrative of the invention and is not con-
structed as limiting of the invention. Various modifications
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and applications may occur to those who are skilled in the art,
without departing from the spirit and the scope of the inven-
tion. Likewise, other objects, features, benefits and advan-
tages of the present invention will be apparent from this
summary and certain embodiments described below. Such
objects, features, benefits and advantages will be apparent
from the above in conjunction with the accompanying
examples and figures and all reasonable inferences to be
drawn therefrom.

DETAILED DESCRIPTION OF A PREFERRED
EMBODIMENT

With reference to the drawings, the invention will now be
described in more detail.

Referring to FIG. 1, a vertical spindle coal pulverizer,
designated generally as 10, is shown operatively connected to
an air handler, designated generally as 12, for providing air
into the pulverizer 10. The mill includes a housing, desig-
nated generally as 14, with a grinding surface 16 disposed in
the mill housing 14. A grinding wheel 18 is carried in housing
14 and engages grinding surface 16 for pulverizing coal
chunks that are dropped on the grinding surface.

With further reference to FIG. 2, a primary airflow, desig-
nated by flow arrows 22, is provided into housing 14 from air
handler 12 by way of primary conduit 15. More particularly,
housing 14 includes a lower housing portion 24 disposed
below grinding surface 16 that first receives primary airflow
22. An annular throat 20 extends around grinding surface 16.
Annular throat 20 channels primary airflow 22 upward from
lower housing portion 24 and into an upper housing portion
26 above grinding surface 16 for lifting the pulverized coal
through the rest of the system.

Referring to FIGS. 1-3, to introduce a secondary airflow
pattern into upper housing portion 26 above grinding surface
16, a secondary airflow chamber 28 is provided on housing 14
which is operatively associated with air handler 12 by way of
bypass conduit 30 for channeling a portion of the primary
airflow into secondary airflow chamber 28. Secondary airflow
chamber 28 extends annularly around an exterior of upper
housing portion 26 and channels a secondary airflow, desig-
nated by flow arrows 32, circumferentially around and into
upper housing portion 26 above grinding surface 16. Accord-
ingly, secondary airflow 32 is generally uniformly distributed
in a circular pattern into upper housing portion 26.

A secondary airflow deflector, designated generally as 34,
is carried in upper housing portion 26 in an annular arrange-
ment that extends along and around the entire interior side of
upper housing portion 26 above grinding surface 16. Second-
ary airflow deflector 34 is angled to direct secondary airflow
32 from secondary airflow chamber 28 downward across
grinding surface 16 in a generally uniform uninterrupted cir-
cumferential airflow pattern.

Referring to FIGS. 2 and 3, a housing port 36 is disposed in
upper housing portion 26 in fluid communication with sec-
ondary airflow chamber 28 for passing air from secondary
airflow chamber 28 into upper housing portion 26 above
grinding surface 16. Housing port 36 can be a single annular
extending slot in upper housing portion 26, or a series of
smaller slots or holes that are generally uniformly spaced
circumferentially around upper housing portion 26 for a gen-
erally uniformly distributed circular airflow pattern into
upper housing portion 26 for engaging secondary airflow
deflector 34.

Referring to FIG. 3, in the illustrated embodiment, second-
ary airflow deflector 34 includes an annular upper plate 38
extending along the interior of upper housing portion 26
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generally adjacent to and above housing port 36. Further,
secondary airflow deflector 34 includes an annular lower
plate 40 extending along interior of upper housing portion 26
generally adjacent to and below housing port 36. A lateral
spacing of upper plate 38 and lower plate 40 on opposing
sides of housing port 36 defines an annular deflector channel
42 in fluid communication with secondary airflow chamber
28. Upper plate 38 and lower plate 40 are preferably angled
downward toward grinding surface 16. In the illustrated
embodiment, a series of support walls 44 are disposed in
deflector channel 42 interconnecting upper plate 38 and lower
plate 40 to maintain spacing between upper and lower plates
38 and 40 and structurally reinforce secondary airflow deflec-
tor 34. Accordingly, secondary airflow 32 exits secondary
airflow chamber 28 through housing port(s) 36 and is received
into annular deflector channel 42 between upper plate 38 and
lower plate 40 of secondary airflow deflector 34, which
directs secondary airflow 32 downward across grinding sur-
face 16 in a circular arrangement.

Referring to FIGS. 2 and 3, in a preferred embodiment, an
annular primary airflow deflector 46 is disposed in mill hous-
ing 14 generally adjacent to and extending around annular
throat 20. In the illustrated embodiment, primary airflow
deflector 46 is angled inward over annular throat 20 toward
grinding surface 16 for directing primary airflow 22 from
lower housing portion 24 toward grinding surface 16. Prefer-
ably, a distal edge 48 of primary airflow deflector 46 is con-
nected to a distal edge 50 of secondary airflow deflector 34 so
there are no gaps between said primary airflow deflector and
said secondary airflow deflector to disrupt airflow patterns
and trap coal particles.

Referring to FIGS. 1 and 2, in the illustrated embodiment,
anairflow valve 52 is disposed within each of primary conduit
15 and bypass conduit 30 for controlling the flow of air from
air handler 12 into housing 14. The airflow valves 52 can be
independently operated to adjust airflows in the respective
conduit and alter differential pressures between upper hous-
ing portion 26 and lower housing portion 24 to maintain
desired air/fuel ratios.

Accordingly, the present invention provides an improved
design particularly for retrofitting existing vertical spindle
pulverizer throats such that the airflow characteristics and
pulverizer performance are improved. Secondary airflow is
provided in the illustrated embodiment by a single secondary
airflow chamber annularly arranged on housing 14, but alter-
natively can be provided by a series of separate bypass con-
duits directly engaging housing 14 at various points around
the perimeter. A rotating throat 20 is preferably utilized to
assure there are no quiescent zones in which coal could settle
and to improve mixing. The pulverizers annular throat 20 is
sized such that adequate velocity is maintained to keep coal in
suspension (7,000 fpm) while allowing larger pyrites to be
rejected to the lower housing portion 24. The secondary air-
flow is directed toward the grinding table such that primary
classification takes place as well as assisting with mill
rumble.

Unlike most traditional designs, the present invention
splits the primary air into two flow streams. By splitting the
stream, the pulverizer throat annulus 20 can be sized to main-
tain 7,000 fpm at all times, keeping the coal in suspension
while not allowing coal rejects. The second airflow stream
enters above the pulverizer throat. This can be sized such that
lower mill differential pressures are achieved.

By directing the secondary airflow at the bed of coal on
grinding surface 16, mill rumble can be alleviated by remov-
ing the fine particles of coal or removing the sand bed. By
having two airflow streams and directing the air towards the
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coal bed, improved mixing of the coal and air is achieved
improving drying capacity. Further, by maintaining a con-
stant 7,000 fpm in the pulverizer throat annulus (rather than
ramping up velocities with coal feed rate) wear is greatly
reduced. With this design itis still possible to achieve primary
classification as with current pulverizer/deflector designs.

Mill fires in the lower housing portion 24 are a common
problem and can result in lots of damage if they occur. This
design helps prevent fires by minimizing the coal rejects to
the lower housing portion 24. However if coal does reach the
lower housing portion 24 this design further prevent fires by
the fact that less mass flow of primary air will enter through
the lower housing portion 24. Also it is possible to utilize
cooler air through the pulverizer throat 20 and utilize the
bypass air to control mill outlet temperature. This lowers the
temperature of the lower housing portion 24 and reduce the
risk of fires.

While a preferred embodiment of the invention has been
described using specific terms, such description is for illus-
trative purposes only, and it is to be understood that changes
and variations may be made without departing from the spirit
or scope of the following claims.

What is claimed is:

1. A coal pulverizer comprising:

a mill housing;

a grinding surface disposed in said mill housing;

a grinding wheel engaging said grinding surface for pul-

verizing coal chunks;

an annular throat disposed around said grinding surface

channeling a primary airflow from a lower housing por-
tion below said grinding surface upward through an
upper housing portion above said grinding surface;

an annular secondary airflow chamber extending around an

exterior of said upper housing portion channeling a sec-
ondary airflow circumferentially into said upper housing
portion above said grinding surface; and,

an annular secondary airflow deflector extending along an

interior of said upper housing portion above said grind-
ing surface directing said secondary airflow from said
secondary airflow chamber downward across said grind-
ing surface in a uniform uninterrupted circumferential
airflow pattern.

2. The pulverizer of claim 1 including a housing port dis-
posed in said upper housing portion in fluid communication
with said secondary airflow chamber for passing air into said
housing above said grinding surface.

3. The pulverizer of claim 2 wherein said secondary airflow
deflector includes an annular upper plate extending along said
interior of said upper housing portion adjacent to and above
said housing port.

4. The pulverizer of claim 3 wherein said secondary airflow
deflector includes an annular lower plate extending along said
interior of said upper housing portion adjacent to and below
said housing port.

5. The pulverizer of claim 4 wherein said upper plate and
lower plate are angled downward toward said grinding sur-
face directing said secondary airflow across said grinding
surface.

6. The pulverizer of claim 5 wherein a lateral spacing of
said upper plate and lower plate on opposing sides of said
housing port defines an annular deflector channel in fluid
communication with said secondary airflow chamber chan-
neling said secondary airflow downward across said grinding
surface.
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7. The pulverizer of claim 6 including a series of support
walls disposed in said deflector channel interconnecting said
upper plate and said lower plate to maintain spacing between
said upper and lower plates.

8. The pulverizer of claim 1 including an annular primary
airflow deflector disposed in said mill housing adjacent to and
extending around said annular throat.

9. The pulverizer of claim 8 wherein said primary airflow
deflector is angled inward over said annular throat toward said
grinding surface for directing said primary airflow from said
lower housing portion toward said grinding surface.

10. The pulverizer of claim 8 wherein a distal edge of said
primary airflow deflector is connected to a distal edge of said
secondary airflow deflector so there are no gaps between said
primary airflow deflector and said secondary airflow deflec-
tor.

11. The pulverizer of claim 1 including a bypass conduit
channeling a portion of said primary airflow into said second-
ary airflow chamber for providing said secondary airflow.

12. The pulverizer of claim 11 including an airflow valve
operatively associated with said bypass conduit for control-
ling the flow of air through said bypass conduit to alter dif-
ferential pressures between said upper housing portion and
said lower housing portion and maintain desired air/fuel
ratios.

13. A coal pulverizer having a grinding surface operatively
associated with a grinding wheel being disposed in a mill
housing for pulverizing coal chunks, said pulverizer compris-
ing:

an annular throat disposed around said grinding surface

channeling a primary airflow from a lower housing por-
tion below said grinding surface upward through an
upper housing portion above said grinding surface; and,
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an annular secondary airflow deflector extending along an
interior of said upper housing portion above said grind-
ing surface directing a secondary airflow received into
said upper housing portion downward across said grind-
ing surface in a uniform uninterrupted circumferential
airflow pattern.

14. The pulverizer of claim 13 including an annular sec-
ondary airflow chamber extending around an exterior of said
upper housing portion channeling a secondary airflow cir-
cumferentially into said annular secondary airflow deflector.

15. The pulverizer of claim 14 wherein said secondary
airflow deflector includes an annular upper plate extending
along said interior of said upper housing portion, and an
annular lower plate extending along said interior of said upper
housing portion.

16. The pulverizer of claim 15 wherein a lateral spacing of
said upper plate from said lower plate defines an annular
deflector channel in fluid communication with said secondary
airflow chamber channeling said secondary airflow circum-
ferentially into said upper housing portion.

17. The pulverizer of claim 13 including an annular pri-
mary airflow deflector disposed in said mill housing adjacent
to and extending around said annular throat.

18. The pulverizer of claim 17 wherein said primary air-
flow deflector is angled inward over said annular throat
toward said grinding surface for directing said primary air-
flow from said lower housing portion toward said grinding
surface.

19. The pulverizer of claim 17 wherein a distal edge of said
primary airflow deflector is connected to a distal edge of said
secondary airflow deflector so there are no gaps between said
primary airflow deflector and said secondary airflow deflec-
tor.



